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INTRODUCTION
Chemical transmission of nerve impulses. According to the
humoral theory of transmission of nerve impulses the actual
transference of impulses across synapses or from the nerve endings
to the effector organs is brought about by biologically active
substances or so-called chemical mediators, liberated at the nerve
endings. Presumably these substances stimulate directly the
effector cells (1, 2).
In the autonomic nervous system the chemical substance
mediating the propagation of impulses across the ganglionic
synapse is acetyl choline. Thus all preganglionic autonomic
nerve fibers liberate acetyl choline at their endings. The post-
ganglionic fibers of this system are divided on a physiological
basis into two groups: 1) those which liberate acetyl choline
at their endings, and 2) those which liberate sympathin, an
epinephrine-like principle. Nerve fibers which liberate acetyl
choline are spoken of as cholinergic, and those which liberate
sympathin are spoken of as adrenergic. This physiological
classification of autonomic nerve fibers does not completely
parallel the anatomical grouping of the fibers into the sympathetic
and the parasympathetic divisions. Autonomic nerve fibers which
are cholinergic are: 1, all preganglionic fibers of both sympathetic
1 From the Section of Dermatology of the Department of Medicine, and the
Department of Pharmacology, University of Chicago. Read before the Second
Annual Meeting of the Society for Investigative Dermatology, Inc., St. Louis,
Missouri, May 16, 1939. This work was aided in part by grants from the Com-
monwealth Fund, and the Dr. Wallace C. and Clara A. Abott Memorial Fund
of the University of Chicago.
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and parasympathetic divisions; 2, all postganglionic fibers of
the parasympathetic division; and 3, postganglionic sympathetic
fibers innervating the sweat glands. Those which are adrenergic
are the remaining fibers of the sympathetic division.
The chemical mediation by sympathin of impulses transmitted
by adrenergic nerve fibers conforms with the fact that all the
effects of sympathetic stimulation except sweating can also be
produced by injection of epinephrine. Both the injected epi-
nephrine and the physiologically liberated sympathin act on
the effector cells directly. Their effect is not altered qualita-
tively whether the organ has been denervated or not. Central
sympathetic stimulation and stimulation by injection of epi-
nephrine produce similar effects through similar mechanisms
at the peripheral end of all adrenergic fibers. From this point
of view the sympathetic innervation of the pilomotor muscles
has been studied by Cannon and Rosenblueth (3) who showed
that by stimulation of the sympathetic chain sympathin becomes
liberated in the skin and can be demonstrated in the general
circulation.
The effect of sympathetic impulses transmitted through
adrenergic fibers can be abolished by ergotamine, which blocks
the action of sympathin on the cell.
The liberation of acetyl choline after nervous stimulation has
been demonstrated in practically all organs which are innervated
by the parasympathetic system. The results of injected acetyl
choline and of parasympathetic stimulation have been shown
to be identical. Effects of stimulation in this system are abolished
by atro pine which inhibits the action of the liberated acetyl
choline on effector cells innervated by cholinergic fibers. On
the contrary, physostigmine intensifies the effects of parasym-
pathetic stimulation and of acetyl choline injections.
As has already been stated the fibers innervating the sweat
glands, although anatomically sympathetic, are physiologically
and pharmacologically cholinergic in their behavior. Therefore
it would be expected and it is true that sweat secretion can be
elicited by acetyl choline, paralyzed by atropine, and not in-
fluenced by ergotamine. In 1934 Dale and Feldberg (4) showed
that if the lumbar sympathetic chain in the cat is stimulated
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so that sweat secretion results, acetyl choline becomes liberated
in the paw and the immediate stimulus for the sweat secretion
is provided by the liberated acetyl choline. In this way evidence
was given for the presence of cholinergic fibers in the sympa-
thetic chain.
The typical effects of injected or liberated acetylcholine, such
as slowing of the heart rate, fall of blood pressure, stimulation
of bowel movements, salivation, and sweat secretion, are due
to the muscarine-like action of acetyl choline. They are all
paralyzed by atropine and intensified by physostigmine.
However, acetyl choline has a second pharmacological effect,
a so-called nicotine-like action, which is not prevented by atropine.
This action can easily be demonstrated on the blood pressure
of the cat. If acetyl choline is injected intravenously into the
anesthetized animal attached to a mercury manometer, the
blaod pressure record shows a primary fall and a secondary rise.
If preyiously to the acetyl choline injection the animal has been
treated with atropine, the primary fall, which is the result of
the muscarine-like action, is abolished but the subsequent rise,
which is due to the nicotine-like action, is not influenced.
As already indicated, not only the transmission of impulses
at cholinergic nerve endings but also the transmission of im-
pulses in. all autonomic ganglia is accomplished by the liberation
of acetyl choline. Transmissions in the ganglia occur by virtue
of the nicotine-like action of acetyl choline. Therefore, in spite
of atropinisation, acetyl choline transmits impulses across the
ganglionic synapses from the preganglionic to the postganglionic
fibers.
Nicotine-like actions of acetyl choline have three special fea-
tures. 1, They are not abolished by atropine. 2, They are
enhanced by physostigmine in only a very low and limited range
of concentration and to a very slight degree. 3, The stimu-
lating, nicotine-like action of acetyl choline changes into a
paralyzing one if the concentration is increased. Low concen-
trations of acetyl choline stimulate ganglion cells but high con-
centrations paralyze them. This is also the typical behavior
of nicotine itself on autonomic ganglia.
Axon reflex mechanisms. Axon reflexes are peripheral nervous
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impulses independent of the central nervous system (fig. 1).
The stimulus occurs at a point A somewhere in the ramifications
of the nerve axon and the impulse, first running backwards in
a centripetal direction, reaches the highest point of ramification
B. Then the impulse spreads centrifugally over all the rami
of the axon to points C. Axon reflexes are not impaired by
fresh sectioning or blocking of the nerve trunk because the path-
C
C
FIG. 1. SCHEME OF THE AxoN REFLEX
A, point of reception; B, highest point of ramification; C, nerve endings; D,
point of section; E, ganglion cell.
way of the axon reflex is still intact if the place of section D is
above the point of ramification. However, the ganglion cell E
being the nutrient center of the axon, the section of the nerve
causes the degeneration of the peripheral ramifications in about
two weeks, after which time axon reflexes can no longer be elicited
in the area supplied by the degenerated nerve.
The best known axon reflex in the skin is the flare around his-
tamine wheals. In 1923 Lewis and Grant (5) found that this
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flare may be produced in cutaneous areas supplied by a nerve
which had been cut a short time previously; but it fails to appear
after the nerve had degenerated.
Another axon reflex mechanism within the skin was described
by Lewis and Marvin (6). They observed that faradisation
of the skin causes a fleeting goose flesh around the spot of stimu-
lation. The goose flesh response is not impaired immediately
after severing the corresponding nerve but it disappears after
the nerve has degenerated. This finding was confirmed by
Wagenaar (7) in 1931.2
Whereas the vasodilator histamine axon reflex is a function of
sensory nerve fibers, the pilomotor axon reflex is elicited by way
of sympathetic fibers.
Axon reflexes are abolished by infiltration of the skin with
local anesthetics. This indicates that the stimulus affects
iiervus elements in the periphery and not the cells directly.
If the aflesthesia is made by blocking the nerve trunk the axon
reflex remains unimpaired as it does immediately after nerve
section.
EXPERIMENTS
A. Pilomotor action of acetyl choline3
Pilomotor action of acetyl choline in man. During studies on
the response of human skin to local application of acetyl choline
the authors observed a fleeting goose flesh when acetyl choline was
injected intradermally. There are several observations described
in the literature reporting goose flesh provoked by choline deriva-
tives but little or no interpretation has been given for this peculiar
phenomenon (8, 9, 10, 11). Brücke (8) observed that acetyl
choline injected intradermally in the tail of a cat inhibited locally
the pilomotor erection which occurs upon stimulation of the
lumbar sympathetic chain. He suggested that this paralysis
2 An axon reflex sweat response to faradic stimulation was observed by Bick-
ford (18) and by Wilkins et a!. (19).
More detailed description of experiments concerning this action will be
reported in the Journal of Pharmacology and Experimental Therapeutics.
I.,
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was due to the nicotine-like action of the acetyl choline but he
gave no further evidence supporting this view.
In our experiments on man acetyl choline was injected intra-.
dermally in dilutions of 1: 10,000 to 1 : 100,000 in volumes of
0.05 to 0.2 cc. corresponding to 0.5 to 20 micrograms. Under
these conditions goose flesh appears during the injection in the
neighborhood of the injection-wheal and spreads in a few seconds
over an area 2 to 5 centimeters in diameter. Beyond the
periphery of the central goose flesh area small isolated groups of
Fio. 2. GOOSE FLESH ON HUMAN SKIN AFTER INTRADEEMAL INJECTION OF 0.1 CC.
ACETYL CHOLINE 1:40,000
Note the aberrant group of elevated follicles at the elbow
erected hair follicles can frequently be observed (fig. 2). The
reaction reaches its greatest extent within 30 seconds and usually
begins to disappear after one minute. After 2 minutes it has
disappeared completely. This goose flesh can be provoked with
certainty in every person and everywhere on the human skin
where follicles and erector muscles are present.
The picture of this response is identical with the physiologic
pilomotor reaction in the human skin. The follicular orifices
are elevated in discrete pointed cones without any primary
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change in the skin surface between the follicles. Some of the
downy hairs are erected. This goose flesh is different, however,
from that which follows injection of epinephrine in the usual
concentrations 1 : 1000 to 1: 100,000. The latter is slower in
onset, spreads slowly, is restricted to the anemic area, and per-
sists as long as does the vasoconstriction, usually longer than
one hour. It progresses with the white area of vasoconstriction.
This epinephrine goose flesh has no resemblance whatever to
the physiologic pilomotor response. It gives the impression
of being due to a spasm of the pilomotor muscles similar to the
muscle spasm of the minute vessels. In man no epinephrine
concentration could be found which would elicit a fleeting pilo-
motor response like that produced by acetyl choline or by physio-
logic stimuli, such as cold.
The optimum concentration for goose flesh production by
aeetyl choline lies between 1 :20,000 and 1 :50,000. Dilutions
over 1: 100,000 have only a weak effect, if any. With solutions
stronger than 1:10,000 the response again becomes uncertain.
Here we could confirm the finding of Brücke (8) that strong
acetyl choline solutions paralyze the pilomotor response, for if
1:20,000 acetyl choline is injected intradermally at the same
point repeatedly at two minute intervals, the same typical re-
sponse follows each injection; however injection of concentrations
greater than 1: 10,000 causes the area around the wheal to become
refractory to subsequent administration of otherwise effective
doses.
Pilomotor action of acetyl choline in the cat. Intracutaneous
injections of 0.05 to 0.1 cc. acetyl choline 1 :20,000 to 1:100,000
elicit pilomotor responses also in the cat. This response can be
well demonstrated on the tail if the hairs are trimmed so that
slender tufts are left and the injections are made at the base of
these tufts (fig. 3). The piloerection begins immediately after
the injection is made and subsides within one minute. The
pilomotor response of the tail hairs can also be provoked by
injecting acetyl choline intraarterially into the sacrocaudal or
caudal artery.
The pilomotor action can be elicited repeatedly by injection
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of acetyl choline in the optimal concentration (1:40,000) under
the same tuft. However injection of greater concentrations
(1 : 10,000 and more) paralyzes the pilomotor response to sub-
sequent injections of 1:40,000 acetyl choline.
Epinephrine in concentrations of 1:1000 to 1:10,000,000
injected with the same technique causes a persistent grection
of the hairs. However the injection of 1:1 billion epinephrine
solutions causes a fleeting response similar to that due to acetyl
choline.
Influence of atropine and physostigmine. The pilomotor re-
sponse to local and intraarterial injection of acetyl choline is
not impaired by heavy atropinisation of the cat. Atropine
doses which abolish all muscarine-like effects of acetyl choline
Fio. 3. PILOMOTOR REACTION ON A CAT'S TAIL AFTER INTRADERMAL INJECTION OF
0.05 cc. ACETYL CHOLINE 1:40,000
do not change the effective threshold doses required to produce
pilomotor activity.
Injections of physostigmine in the cat appeared to have no
influence on the pilomotor activity of acetyl choline whereas the
muscarine-like effects are intensified 5 to 10 times by the same
doses of physostigmine. In man a moderate augmentory effect
of physostigmine on the pilomotor response could be observed
if it was mixed in dilutions from 1:400,000 to 1: 1,200,000 with
the acetyl choline. Under these circumstances the duration
of the goose flesh was 1 to 2 times longer and was slightly more
widespread than when acetyl choline alone was injected. The
small degree of this enhancement is of the same magnitude as
the extent to which physostigmine augments the nicotine-like
action.
Effect of nicotine. The experiments described above indicated
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that the pilomotor activity of acetyl choline occurs by virtue of its
nicotine-like action. The evidences for this conclusion may be
enumerated as follows:
1. High concentrations of acetyl choline inhibit the response
to ordinarily effective concentrations injected subsequently.
2. General atropinisation does not inhibit the response.
Such an inhibition would be expected if the reaction were
due to the muscarine-like action of acetyl choline.
3. Physostigmine administration enhances the response to
a very slight degree in man.
4. Nicotine itself was found to be effective.
Nicotine produces a strong pilomotor response in dilutions
from 1:40,000 to 1:600,000 with an optimum approximately
at 1:100,000. Goose flesh in man and pilomotor reaction in the
cat when caused by nicotine show a behavior identical in every
detail with that produced by acetyl choline. High dilutions of
nicotine and of acetyl choline given alternately at the same
point will provoke goose flesh repeatedly in the same area. Higher
concentrations of either will produce a period of refractoriness
to subsequent injections of normally effective doses of the other.
Effect of aipha-lobeline. Aipha-lobeline, which is well known
to have a pronounced nicotine-like action, provokes goose flesh
in the optimum concentration of 1:1,000,000. In concentrations
appreciably stronger than 1:100,000 it paralyzes pilomotor
activity.
Effect of mecholyl. Mecholyl (acetyl-beta-methyl choline), a
derivative of acetyl choline, is preferred for clinical use because
its action is more prolonged and because it is claimed to be with-
out the undesirable nicotine-like action possessed by acetyl
choline. By the intradermal test, however, mecholyl has a
slight goose flesh provoking effect in concentrations ranging
around 1:5000 indicating that mecholyl is not totally devoid
of nicotine-like action. Recently the same conclusion was re-
ported by Fellows and Livingston (12) who used the blood pres-
sure of the cat to test the nicotine-like action of mecholyl.
The mechanism of the response. The rapidly spreading and
fleeting nature of the pilomotor phenomenon as described leads
88 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
one to suspect that it is mediated through a nervous mechanism,
most probably an axon reflex. In order to test this supposition
the classical methods for studying axon reflexes were employed
as the basis for the design of experiments involving the use of
local anesthetics and nerve degeneration.
Acetyl choline or nicotine fail to elicit goose flesh in skin, anes-
thetized by local infiltration. Furthermore, small amounts of
local anesthetics, if mixed with the acetyl choline or nicotine,
abolish the pilomotor effect of these drugs. This abolition was
accomplished with dilutions of anesthetics which have no demon-
strable anesthetic effect. The threshold dilution for anesthesia
with procaine is about 1:10,000. However, when procaine in
dilution as high as 1:200,000 was mixed with acetyl choline
before injection the goose flesh production was inhibited. The
same result was obtained with cocaine, and with apothesin, local
anesthetics with very different chemical structure.
In contrast to these results skin totally anesthetized by nerve
block is as responsive as normal skin to the pilomotor action of
acetyl choline. This was shown by injecting procaine around
the lateral cutaneous antibrachial nerve in order to produce an
anesthetized area in which no procaine was present. This area
showed the typical acetyl choline and nicotine goose flesh phe-
nomenon.
In a cat the caudal nerves were cut bilaterally. Immediately
after nerve section the prepared hair tufts innervated by those
nerves rose in response to acetyl choline and nicotine, just as
before. Two weeks later, after complete nerve degeneration, the
tufts no longer reacted to acetyl choline and nicotine injected
locally. The same results were obtained by extirpation nf the
lumbar sympathetic chain.
The reaction to epinephrine which attacks directly the pilo-
motor muscle itself was unimpaired by local anesthesia and by
nerve degeneration.
The experiments in man with local anesthetics and in the cat
with nerve section proved that the pilomotor action of nicotine
and other drugs with nicotine-like action is mediated through an
axon reflex.
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Drugs with nicotine-like action, then, act somewhere in the
ramifications of the postganglionic sympathetic axon and the
resulting impulse is transferred to the pilomotor nerve endings.
The axon reflex pathway is situated in the skin itself, as shown
in the following experiment. A piece of skin with a hair tuft
in its center was excised from the cat's tail. The pilomotor
response to acetyl choline and nicotine could be elicited in this
piece of skin 3 minutes after excision. After this interval, how-
ever, the response could no longer be elicited, whereas the direct
muscular response to epinephrine was unimpaired after 15
minutes.
The axon reflex described runs through the entire depth of
the cutis propria. If incisions were made through the skin the
spread of the pilomotor response across the incision was in-
hibited by cuts going through the entire depth of skin but not
by ctrts through half its depth. These cuts were histologically
observed, after the experiment.
Similarity of physiologically and pharmacologically elicited
pilomotion. Physiological goose flesh, elicited by any sensory
stimulus, usually represents a spinal reflex, the efferent branch
of which goes through the sympathetic chain to the periphery
(13). The sympathetic fibers carrying these impulses are as
sensitive to local anesthetics as is the pilomotor axon reflex
which is elicited by drugs with nicotine-like action. In human
beings a generalized goose flesh fails to appear in skin areas pre-
viously treated with procaine 1:50,000; and in the cat the faradic
stimulation of the sympathetic chain fails to elicit pilomotion
if the chain has been treated with a 1:50,000 procaine solution
below the point of stimulation. Similarly, strong acetyl choline
and nicotine solutions can be shown to inhibit the goose flesh
of central origin in man or that due to stimulating the sym-
pathetic chain in the cat. Thus it is evident that the axon reflex
described runs through ramifications of the same sympathetic pe-
ripheral axon in which the "spontaneous" central impulses travel
peripherally.
Chemical mediation of the axon reflex. Cannon and Rosen-
blueth (3) showed that the nerve impulse causing pilomotion is
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mediated by sympathin, an epinephrine-like substance. We may
assume the same mode of mediation of the impulse leading to
goose flesh when nicotine is injected.
Ergotamine paralyzes sympathetic functions by inhibiting the
action of liberated sympathin on the smooth muscle. If a cat
is given a large dose of ergotamine intravenously (3 mgm. per
kgm.) not only does this inhibit the pilomotor effect of lumbar
sympathetic stimulation but it also inhibits the local effect
of intradermally applied nicotine. In other words on the motor
ends of the axon reflex sympathin is liberated and carries the
nerve impulses to the muscles. It was shown that epinephrine
in a concentration of 1:1 billion, if injected intradermally in
the cat, produces a fleeting pilomotor reaction, similar to that
produced by acetyl choline and nicotine. This suggests that
the concentration of sympathin liberated by a nervous impulse
set up by nicotine-like action or by central stimulation may be
of the same order.
The receptor point of the axon reflex behaves like an autonomic
ganglion in so far as it is stimulated by small doses and paralyzed
by high doses of nicotine. Ganglion cells of pilomotor fibers
can not be present in the skin because section of the nerve trunk
causes degeneration of the peripheral neuron. Therefore we
must conclude that the nutrient centers of the fibers involved
in the axon reflex are situated in the ganglion cells of the sym-
pathetic chain and that the whole peripheral sympathetic pilo-
motor distribution is dependent on them.
B. Sweat secretion elicited by acetyl choline through an axon reflex
mechanism
While studying the pilomotor response to 1:40,000 acetyl
choline the authors observed the appearance of sweat droplets
on and around the injection wheal. At first this was thought to
be due wholly to the well known direct effect of acetyl choline
on the sweat glands. This direct stimulation of sweat glands
by acetyl choline corresponds to the direct effect of epinephrine
on pilomotor muscles. In the adrenergic system the stimulation
of nerve fibers can be substituted by local application of epi-
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nephrine; and similarly, in the cholinergic system parasym-
pathetic stimulation may be substituted by injection of acetyl
choline.
However, when this action of acetyl choline was studied further
it was found that minute droplets of sweat appeared so quickly
at a distance of several centimeters from the wheal that they could
not be explained on the basis of simple diffusion of the drug. In
this case a nervous mechanism, similar to that of the pilomotor
axon reflex, seemed to be involved.
FIG. 4. SWEAT SECRETION VIsuALIzED BY MINOR'S IODINE STARCH METHOD AFTER
INTRADERMAL INJECTION or 0.1 cc. NICOTINE SULFATE 1:100,000
Note the widespread reaction
The sweat secretion phenomenon in a large area around the
wheal elicited by intradermal injection of 0.1 cc. acetyl choline
1:20,000 to 1:50,000 can be visualized easily with Minor's iodine
starch method (14) and occurs in the normal human skin wherever
sweat glands are present (fig. 4). At high room temperatures
and in susceptible individuals the sweat drops can be seen with
the naked eye without the indicator.
That the widespread and immediate sweat response to intra-
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dermal acetyl choline injections is indeed due to the nicotine-like
action of this drug and is mediated through the same mechanism
as the reflex pilomotor response was proved by subsequent tests:
1) The same reaction was elicited by nicotine (1: 100,000) and
by aipha-lobeline (1: 1,000,000); 2) the widespread sweat response
to acetyl choline was inhibited by previous injection of a
paralyzing concentration of nicotine (1: 10,000); and 3) in its
relation to nerve section and degeneration this response was
identical to the pilomotor reflex.
The dual role of acetyl choline in producing sweat can readily
be demonstrated by the use of local anesthetics or of paralyzing
concentrations of nicotine. If acetyl choline is injected into
skin anesthetized by local infiltration of procaine the sweat
appears only on or very near the wheal. This response is due
to the muscarine action of acetyl choline on the sweat glands,
which are not affected by the procaine. In this case the more
extended sudomotor effect is absent because of the effect of pro-
caine on the nerve fibers which would normally carry to the
distant sweat glands impulses set up by the nicotine-like action
of acetyl choline at the point of injection.
High concentrations of nicotine, preceding the acetyl choline,
similarly paralyze these nerve fibers but leave unaffected the
sweat glands themselves, which still respond to the muscarin
effect of acetyl choline.
it is difficult to demonstrate the paralyzing effect of concen-
trated acetyl choline because of the strong direct action of these
solutions. However an indirect evidence of this supposed
paralyzing effect of strong acetyl choline concentrations is found
in the literature. Villaret and Even (15), Ackermann' (16),
and Hashimoto (17) report the paradoxical anhidrotic effect of
acetyl choline if given by subcutaneous injection or introduced
electrophoretically. This effect is so strong that it can be used
therapeutically in cases of hyperhidrosis.
Like the hidrotic effect due to the nicotine-like action of acetyl
choline, that due to intradermal injection of 1:100,000 nicotine
sulfate itself is abolished by: 1) previous injection of strong nicotine
solutions; and 2) local anesthetics, whether the local anesthetic
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is given previous to the nicotine injection or whether both drugs
are mixed before injection. The threshold concentrations of
the inhibitory effects of these agents are the same as those of
the pilomotor inhibition.
If the anesthesia is made by blocking a nerve with local anes-
thetics so that an anesthetized area is produced in which no
anesthetic is present, the sweat response to nicotine is not
abolished.
Finally in patients who were subjects of sympathetic ganglionec-
tomy the sweat response to nicotine is abolished in areas where
the postganglionic sympathetic neuron has degenerated (courtesy
of Dr. D. B. Phemister).
These data prove the axon reflex nature of the sweat response
to drugs with nicotine-like action just as the evidence previously
presented proved the axon reflex nature of the pilomotor response.
TII question still arises, however, whether the two responses
are absolutely independent axon reflexes. The problem here
was to obtain one of the responses without the other. Accord-
ingly 1 mgm. of atropine was given to a human subject with
the result that nicotine caused only the pilomotor response,
with no associated sweating. Likewise in the cat large doses
of ergotamine inhibited the pilomotor response but left undis-
turbed the sudomotor reaction to acetyl choline and nicotine.
These tests effectively prove the physiological independence
of the two phenomena described.
According to these experiments a complete analogy exists
between pilomotor adrenergic and sudomotor cholinergic nerve
fibers in the skin. Both have ramifications in which axon re-
flexes can be elicited by drugs with nicotine-like action. Like
autonomic ganglia the receptor points of these ramified axons
of both types of fibers are stimulated by small doses and paralyzed
by large doses of nicotine.
With pilocarpine only a direct effect on sweat gland cells could
be demonstrated if the drug was injected intradermally in con-
centrations of 1:10,000 to 1:500,000. No paralysis by high
nicotine concentrations and no impairment by local anesthetics
was found. There was no outbreak of sweat at a distance from
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the wheal like that caused by the nicotine-like action of acetyl
choline, but only a secretion limited to the area of the injection
wheal, similar to the effect due to the muscarine action of acetyl
choline.
C. Vasoconstriction elicited by acetyl choline through an axon
reflex mechanism
When a pilomotor response was elicited by intradermal in-
jection of acetyl choline (1:40,000) or nicotine (1:100,000) there
was observed a formation of white spots around the elevated
follicular pores followed immediately by a diffusion and con-
fluence of these spots into larger white areas. This vasocon-
striction phenomenon lasts no longer than the accompanying
pilomotion (2 minutes), and it is especially noticeable if the in-
jection is carried out in hyperemic or inflamed skin.
There are two possibilities for the explanation of this phe-
nomenon. One is the excessive liberation of the epinephrine-
like substance sympathin which mediates the impulse producing
the pilomotor reflex. The other possibility is the occurrence of
an independent axon reflex vasoconstriction analogous to the
pilomotor and sweat responses. Since we have not yet succeeded
in producing one of these responses without the other we cannot
present experimental evidence supporting the supposition that
the two reactions are mediated through independent axon re-
flexes. However the short duration of the vasoconstriction
favors such a mechanism.
In any case, it must be stated that the vasoconstriction occurs
in the skin as a result of an axon reflex mechanism elicited by
drugs with nicotine-like action. At the present time no state-
ment can be made as to whether this impulse goes through pilo-
motor fibers or through independent vasomotor fibers.
COMMENT
(a) If we wish to picture the pathway of the described axon
reflexes morphologically the simplest conception is to imagine
a very rich terminal ramification in the skin of the axons of the
sympathetic fibers. By intradermal puncture with 0.1 cc. fluid
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a great number of sympathetic fibers are hit within a circular area
of about 0.5 cm. in diameter. The appearance of the reaction
indicates that the ramifications of the corresponding axons extend
over a greater area than 5 centimeters in diameter. In favor of
this concept may be mentioned the single isolated groups of
erected hair follicles outside of the main area (fig. 2). Evi-
dently these islands are formed because widespreading ramifica-
tions are present. In puncturing the same spot several times
the constancy of the shape and location of these groups is
significant.
(b) The experiments quoted above do not deal with the ques-
tion as to whether the "receptor points" of the axon reflex mecha-
nism are differentiated elements of the ramifying axon or whether
all elements are equally sensitive to the nicotine-like action.
The endings of fibers which supply the pilomotor muscles and
sweat glands respectively may function also as "receptors" (fig. 1).
(c) The physiologic and pathologic importance of the phe-
nomona described has not yet been studied. One may question
whether external cutaneois stimuli, such as cold stimuli eliciting
pilomotor action or heat stimuli eliciting sweat secretion stimulate
the same nerve endings as do nicotine and acetyl choline, and
whether these physiologic stimuli also act through an axon
reflex mechanism. Lewis and Marvin (6) have shown that
one kind of external stimulus, the faradic current, acts in this
way. Furthermore it is known clinically that by external me-
chanical and cold stimuli goose flesh can be elicited which pri-
marily spreads only in the surrounding area of stimulation (13).
Depending on the intensity of the stimulus and on the individual
and regional susceptibility this primary "local" goose flesh spreads
secondarily to become a unilaterally or bilaterally distributed
goose flesh all over the body. It is probable that the primary
confined response is based on an axon reflex mechanism whereas
later, by intensification of the impulse, spinal reflex mechanisms
set in.
The external mechanical, chemical, thermal, and electrical
stimuli may act, without any interference, directly on the point
of nervous receptions. However one may easily believe that
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this action could be mediated by liberation of acetyl choline.
According to this idea the stimulus sets free acetyl choline which
then attacks the receptor point of the axon. This supposition
at least lends a physiological rationale to the sensitivity of the
receptor points to nicotine-like action. The far reaching analogy
between receptor points and autonomic ganglia supports the
supposition that their sensitivity to the nicotine-like action of
acetyl choline is not without physiologic importance.
SUMMARY
1. The goose flesh elicited by acetyl choline occurs by virtue
of its nicotine-like action.
2. Drugs with nicotine-like action provoke pilomotion through
an axon reflex in the ramifications of the peripheral sympathetic
axon within the skin.
3. By eliciting sweat secretion with intradermal injection
of acetyl choline two effects can be distinguished: (a) a direct
action on the sweat glands (muscarine-like effect) and (b) an
indirect action through an axon reflex mechanism (nicotine-
like effect).
4. The receptor ends of these axon reflex pathways are similar
to ganglion cells: they are stimulated by small concentrations
and paralyzed by high concentrations of nicotine. The effector
ends of the fibers carrying the pilomotor reflex are adrenergic,
those of the sweat reflex are cholinergic.
5. Drugs with nicotine-like action elicit a cutaneous vaso-
constriction which may be the result of an independent axon
reflex or may be associated with the pilomotor action of these
drugs.
6. The physiological importance of the described mechanism
is discussed.
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